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Disinfection with BPL

By Robert L. Alg, George }. qumc
and Manue! §. Bm-bgmr(i “ o

HE secarch for liguids and
vapors for sterilizing cn-
closed areas contaminated
with microorganisms prompted in-
vestigation of the efficacy of vapor.
ized heta-propiolactone. Beta-pio-
i5 an afkviai-
ing agent with an empirical
formula CH, CH,_C=0, similar in
N,

N/
- 0
structure to ethylene oxide. It is a
colorless liquid at rcom tempera
ture, boils at 162.3°C,, has a speci-
fic guavity of 1.149G,(1) and a
vapor pressure of about 3.4 milli-
meters of mercury at 25°C. (2) Tue
vapor Is nonflammable and noa-
corrosive at the recommended con-
centragfon. Commercial grade BPL
(97 per cent) is stable for several
years when stored at 4°C.,(2) and
the half-life of aqueous solutions is
approximatcly three and onc-half
hours at 25°C. (3) These character-
istics, in addition to its known
tactericidal and sporicidal action,
justified the evaluation of BPL
vapor as a sterilant for acrosol
vessels.

The sterilization efficacy of
BPL vapor is a direct function of
concentration, relative humidity,
and temperature. 4 temperature
of 25°C., or higher, it desirabic;
the effectiveness of the disiniectant
decreases rapidly at relative humi.
ditics below 70 per cent

Althcugh BP!. has several
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action), i @Y: severel respects
superior 5 most other steriliants,
Among the advantagc: of BPL are
(a) it has grod bactericidal pro-
perties, (b} it acts vapidly, (c; its
residual  end-products wre easily
aeutralizeC 214 are read’; soluble
in water. an () its APOrs arve
lachrymatery  “t thereby serves
its own warning device), But ave
less irvitatirg thar. those of other
sterilants.

The aercsol chambers used
in these iests canmot be sealed te
permit  stenifizadon witn  steam
under pressure, 2chylene oride gas
mixtures, o other procedures re-
quinag pressure or vacvvm. Use
of highly corrosive chemicai sorays
such as peracetic acid are not nor-
mally feasible because of deleteri-
ous effects on tlie materiais of the
chambers. Uatil May 1956, these
chamberc were sterilized routinely
by adructing [crmaldehyde in the
presence of large amounts of steam.
For safetv reasons, the vessels were
maintained at a slightiy reducen
air oressure (i1 inch of water’
during ster:iizarien. Althogh
formaldehyde b preved sashae
tory, in many cascs its use Wa
posed serious cperational limia
tions. Thess limiradons en e
suimmarized:

“24

(i) Kot dehy vde tends to

deposit solid ;x‘lpncn (c.g. pnra- -

formddeindey that are diffwalt o
nentralize oni vemore aliter the
; h’:w polyin-
formuddenyde
ey of
aeratior . 4l s o 7yt steam
and aiv-winh tae <‘f~:; o fovoone
or two 2-hour perios fstiowed by
g ~ir-wash m' 214 to AR houry'
duration t¢ vemeve the polymeri-
ration products and 10 prevent
subsequene releass of formaldehyde
vaph T
(b; Even when the for-
maldehyde vanor concentration is
rechiced helrw the detectable limits
ol the chromotropic acid  assay,
there still may be 2 resichual cifect
Jdiat witt affect ne o owalidity of
aerosol <da a.
2y The tovicity of far-
meldehyds vapors and niopwers to
homan tissue cmeitze 2 problem,
because i is of’e: necessary for
workess to enier the chambers alter
steriiizaticn to work of equipment
or reicove pieces of equipnent for
TCpPair.

sterifizaiion process,
ers stow Iy vevert e
gas, thun orer i

Tesi Procedure

The microorganisms used
in the evaluation of BPL were
aerosolized in three test chambers
with capacities of 10,000 Iliters,
100,000 liters, aud 1,000,000 liters.

Serratia marcescens and
spores of Barillus subtilis var. niger
and Bacillus antiracis were used as
test organistas. The volume of test
raterial acrosoliz=d in the tmaller
chambers veued from 10 to 35
milliliters of a susprusion contain.
ing P x 10% organisms prronall
irer. 1o (he 1.00500lter cham.
ber, 190 miliiliters of a suspension
centataing 2 x 1CY organisms per
milliier was used

The sme basic petie n was

Betu-proploiacions feund rapld and effective
storilant for salcrebiclegicully conteminsted
asrsss! vhembs rs, provided temperature. time,
humidity, ¢wnos nirntion are correctly adjusted
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followed in all of the sieriliztion
tests, ‘The veliwtive humidity (RH)
of the acrosol chamber was adjusi-
cd prior to the dissemination of
the BPL to obtain a final RI1 of
30 to 85 per cent. Incomplete dis-

infection results il the RH is be-

low 70 per cent: il the RH is too
high-.condensation occurs, causing

fallout of the beta-propiolactone

onto the surfices. Approximately
15 minutes prior to sterilization
the BPL to be disseminated was
mixed with water in a 1:3 ratio.

Preliminary tests indicated
that three miiligrams of BPL per
liter of air did not sterilize the
test chambers; therefore, the
smount of BPL was increased to
give an air concentration of ap-
proximately six milligrams per
liter. The concentration of BPL
vapor in the air was measured by
withdrawing air samples and ana.
lyzing the samples spectro-
metrically

After a contact period of 30
minutes, an additional 3 milli-
grams of BPL per liter of chamber
volume was disseminated to com-
pensate for fallout (as condensa-
tion) of the vapor and to maintain
a theoretical concentration of six
milligrams of BPL per liter of air.
(See appendix B for disseminating
devices and sources). A final coi-
tact period of onc hour was main-
tained (total contact time, one and
one-half hours). The inside of the
1,000.000-liter chamber was then
washed with 275 gallons of 05
per cent sodium thiosulfate solu.
tion to neutralice the BPL. The
neutralization treatment was fol.
lowed by a water rinse to remove
residual thiosulfate and other re-
sidual products. Further tests have
shown that no thiosulfate wash is
necessary and that water alone is
entirely satisfactory.

Following the BPL contact
perical and subsequent water rinw.
the viable test microorganisms were
detected by sampling the interior

.surfaces of the chambes  with

sterile cotton swabw that had been
immersed in physiological saline.
‘The cotton swab samples were
streaked on media suitable for the

recovery of - the  microorganisms
under test:

Bacillus anthracis—five per
cent sheep’s blood agar;

Bacillus subtilis vay.
~nutrient agar; and

Serratia  marcescens—nutri-
ent agar containing 0.5 per cent
Tamol “N"®

All plate samples were read
aiter 24 and 48 hours incubation
at optimum temperature.

Test Results

The interiors of the cham-
bers were purposely contaminated
with vegetative cells of Serratia
marcescens, or spores of either
Bacillus aathracis ov Bacillus sub-
tilis var. niger. A total of 39 steri-
lization trials were conducted in
the three chambers. (Table 1):

Of the 2850 surface samples
taken following these sterilization
tests, only one sample from each
of two different trials was positive
for the test organisms. The failure
to achieve sterilization in these twe
trials was attributed to faulty dis-
persion of the BPL caused by (a)
excessively long  dissemination
time, and (b) the solvent action
of BPL on the painted inner sur-
face of the disseminating device.
These failures are indicative of the
need for dispersing the BPL
quickly throughout the spaces to
be sterilized. (see appendix B)
Rapid dissemination of BPL is re-
quired to compensate for the ac
celerated decay of BPL when acro-
solized as small droplets which cal-
lectively represent a large surface
arca.

Disenssion

Beforc BPL was empioyed
to sterilize chambers, ather steril-
ants were used effectively, but with
undesirable limitations. These were
impased by the chambers them-
selves, the corrosive effect of chemi-
cal «prays, the formation of poly-
m-rs requiring lengthy neutraliza-
tion procedures, cleamsing prob-
lems of the interior surfaces of the

-
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chambers, residual traces that coukd
sffect the validity of subsequent
experiments,  and  toxicity 1o
humans.

Residual BPL

The primary advantage of
BPL as a sterilant in the chambers
is its case of removal alter the steri-
lization cycle. In the tests describ-
ed here, residual BPI. was neutral-
ized by washing the inside of the
chamber with 0.5 per cent sodivm
thiosulfate solution. Subscquently,
a series of mecasurements to dcter-
mine residual BPL after treatment
indicated that the thiosulfate wash
was not necessary. Quantitative as-
say for residual BPL foilowing
treatment without a thiosulfate
wash indicated a residuum of lese
than one gamma per liter of air
within one-half hour after 2 cold
water wash. Of more critical im-
portance than the  hemical assay
is the biological effect of using
fastidious vegetative microorgan-
isms. To date, no biological inter-
ference has been detected between
tests in which the thiosulfate was
used and those in which it was
omitted.

Ceorresion Preblems

The use of any sterilant in
chamber: raises questions of cor-
rosive action on metal fittings and
damage to rubber products such
as gloves and gaskets. Corrasion of
metal products by BPL is negligi-
ble.(3) but occasionally galvanic
corrosion may occur as in any bi-
metallic systesn. BPL. may have a
deleterious effect on neoprene preo.
ducts if it is not removed with
water immediately after the con.
tact period.

Perseanel Pretection

BPL is toxic not only upon
inhalation, but can ahwo cuse
erythema and vesication if a high
corcentration of its vapor, or the
liquid, remains in contact with the
skin for an extended time. The
vapor of BPL in iow concentra
tions is imritating and lachryma.
tory. (1) Severe skin burns have re.
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Table 1.
Micreorganisms
Chamber capacity
Liters 3. anthroacis S. marcescens 8. subtilis
50,000 5 16 0
100,000 5 7 2
1,000,000 0 ) 3

#. In each of two of these teatn viable colls

sulted from spills of liquid BPL,
on shoes and clothing. The incor-
povation of brilliant green dye as
one part per million in the BPL.
water mixuure can aid viswal detec-
tion of BPL on skin and clothing.
The presence of the dye on cloth-
ing indicates the need for an im-
mediate clothing change and
shower to prevent skin burns, The
incorporation of the dye in the
BPL-water mixture does not lessen
its effectiveness, as a sterilant.
When handling BPL, wearing of
protective clothing, including rub-
ber boots, gloves, apron, and facc
shield is recommended.

BPL as a vapor may te de.
tected by the gas detection tubes
developed by the Chemical Corps,
which were recently incorporated
in Civil Detense survival kits. (1)
The sensitivity of the detcction
tubes is 0.002 milligram of BPL.
This test is based on the blue color
caused by the alkylation of gamma
(p-nitrobenzyl) pyridine adsorbed
on silica gel inside a small glass
tube through which air is drawn
by a hand pump. Similar detcction
tubes are also available com-
mercially.®

Conclusions

The tests descrited indicate
that beta-propiolactone is an excel-
lent sterilant for the air and sur-
faces in closed chambers. A\ cal-
clated concentration of six milli-
grams of BPL per liter of air is
needed at the heginning of the
contact period, followed onc-half
hour later by three milligrams of
BPL per liter of air for s total
contact time of one and onc-hall
hours to complete the sterilization.
A device that rapidly diseminates
the BPL-water mixture should be
used s0 that » sterilizing concentra-

were rocovered on one cotton nwab,

tion is maintained during the en-

tive contact time.

The quantity of residual
beta-propiolactone present one-hall
hour after commencing the water
wash following sterilization is so
negligible that tests capable of de-
tecting onc gamma per liter of air
did not indicate ihe presence of
beta-propiolactone. Tests indicat-
ed, morcover, that no neutraliz-
tion of BPL or its breakdown pro-
ducts was needed.

Neoprene products deterior-
ate slightly following =xposure to
beta-propiolactone. This effect may
not be detected for months in the
case of thick neoprene valve dia-
phiagms, etc, but gloves may be-
come tacky after a single applica-
tion. Tackiness may be avoided by
washing the neuprene product
with water or a 0.5 per cent solu-
tion of sodium thiosulfate immedi-
atcly after contact is terminated.

Copper or brass products
may be oxidized sligntly hy beta-
propiolactone but not to a scrious
extent. Stainless steef is not affect-
2, although oalvanic corrodion
may be accelerated if it is in con
tact with dissimilar metals.

The sterilization efhcacy of
BPL vapor is a direct function of
the concentration, relative humid.
ity, and temperature. A tempera-
ture of 25°C, or higher, and 2 re.
lative humidity betveen 70 and 85
per cent have proved satisfactory,
' Particular sttention shoukd
be given to recevsed areas within
the chamber to be sterilized, 0 av
sure that all areas can be reached
by the beta-prepiolactone vapor.

BPL vapor has several ad
vantages over formaldehyde as o
sterilant:

© “Beethers Chemdeal O, 318 Poramt M.
Omaae. N. J.

(1) Its vapors are lachry-
matory, giving BPL its own warmn-
ing device, but are less irritating

than those of formaldebyde,

() 1t does nov polymerize
as readily as formaldehyde,

(¢) 1t is readily soluble ¢
witler,

() In agueous solution, i

has a short half-lile, which may be
reduced further by incrcasing the
l(_'ﬂl])('l'ilul".'.

(¢) It is casily removed In
air washing,

( It acts more rapici
than formaldchyde; however. n
the liquid state BPL. is more toxic
tiun formaldchyde.
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Appendix A

Laboratery Assay
lﬂc—?npl’t‘"
lactone

Two Insic laboratory o Tuees
are used in assayving BiP’L. The first pro-
cedure  (deteriorstion detection) s used
for assay of he bulk produce; the
second procedure (detection of  res’duad
BPLY s ased 1o asay samiples corna'ne
ing low concerarations of BIYL

Deterioration Detection

The comertration of BPL in hu'k
must be determined immediately upon
recaipt and perivdically during storage
to indicate possible deterioration during
transit and storage.

1. Pipette 25 milliliters of 04
molar sodium thiosuliate into a flask
and add 1 mililiter of 2 M dibasic pot-
assium phosphatc buffer solution.

2. Weigh out a sample of BPL in
a small glass vial, between 0.3 and 04
aram, kuown to the nearest 0.1 milli-
gram.

3. Place the weighed vial contain-
ing the BPL in the flask containing the
thiosulfate-buffer solution.

4. Swirl gently to mix and allow
to react for 10 to 20 minutes,

8. After this reaction period, wash
down the sides of the flask with about
25 milliliters of water and titrate with
02 N iodine solution, using starch as an
ind.cator.

6. Blanks: All blanks should be
run %0 as to simulate run corditicus to
corrcct for minor errors that may occur
when the thiosulfate is titrated in weak-
ly alkaline solution. Add 5 milliliters of
sodium acetate before titration.

Per cent beta.propiolactone =
(A= B) N x 7.206
Wt x 095

where

L An R Y
BOFF SACT1A

A iy milliliter of dodine veguired for
Wank,
B s milliliter of iodine reguired for
tun,
N i normabity of iodine, and
Wi weight of sample in milligeams
The correction  factor, 0998, is
lasedd upon results obtainel by eryo-
scople amlysis and represonts the prie-
tival prodeer purity.
7. Reagents,  Sodium  thiosulfate
approximately 0.4 Molar
Standard joline solution 02 Norma)
Dilaste  potassium  phosphzie  huffer
solution
(K,HPO) 2 Molar
Sadium acetate 1 Molar
Starch sohtion 0.5 per cent
& The reaction invelved in the
deiermution is
CH,—CH,
()——C=0x
Na 8,0, — Na0,8.8CH,CH,COON:
9. The above method of analysis
for be:a-propiolactone  was  excerpted
from "Chiemical and Cryoscopic Analysis
of B-Propiolactone” by Willard ?.
Tyler and Donald W. Becsing, .4maly-
ticai Chemisiry, Vol. 24, Page 1511,
Sept. 1952,

Detection of Residual BPL

The BPL in air is assayed by the
following procedures:
1. Reagents
20 per cent sodium hydroxide
{NaOH)
20 per cent iiydroxylamine hy-
drochloride (NH,OH-HCl)
FeQl, (6H,0) 10 per cent by
weight in 6N hydrochloric acid (HCl)
2. Procedure
a. Immediately prior to sampl-
ing, place 25 milliliter each of NaOH
and NH,OH-HCl solutions in the gas
washing bottle (Dreschsel) for collect-
ing the aervsol sample.
b. Draw a measured volume of
air containing BPL through the bubbler.
c. Add three milliliters of FeCl,
reagent,
d. Shake bubbler to remove en-
trapped air.
e. Driute to 100 milliliter with
distitled water.

er‘\ ‘\5

f. 1 o greater volume of e
agents is required because of high BIPL
cement of the sample, add proportiouste-
Iv more reagents, e, 25 milliliters
Nat M1 plus 2.4 milliliters NH O HICT
plus 3 milliliters FetCl,

2. Cheek sample. of  the test
sohition  for Jight  transmission in an
cleetrophotometer. Compare with o re
agent blank that does not vontain BI'L.
A blank is prepared with five mibliliters
of the NaOll solution, five milliliters of
the NUHLOH-HCL  solution, and  six
milliliters FeCl, solution. The mixinre
is brought to 100 milliliters with  dis-
tlled water. The blank is used to obtain
a zero reading after the dectrophoto-
meter is nulled. A 525-millimiceon filrer
is used for all determinations,

W The value obtained by deduct-
ing the reading of the blank from the
redding of the test solution can then
be compared with a stardard curve 1o
abtain the milligrams of BPL contained
in the sample.

Appendix B
Disseminating Devices

The sources of PPL disseminat-
ing devices fornd to be satisfactory list-
cd below represent orly those types tost-
ed or used at Fort Detrick. This list
probably does not include others com-
mercially available, and is not to be con-
strucd as an endorsement of the manu-
facturer’s product.

Pulse Jet M3A3 Smoke Generator
Army Clemical Center

Edgevood, Md.

Hydromist Vaporizer

Arvold Laboratories

2507 S. Maiax St

Los Angeles

Tokheim Vaporizer

1672 Wabash Ave.

Ft. Wayne, Ind.

Todd Insecticida’ Fog Applicator
Army Chemical Center
Edgewood, Md.

Challenger Vaporizer

Z & W Jet Sprayer Model $100C
Z & W Manufacturiag Cerp.
02400 Lokelaid Pivd,

Wickliffe, O.




